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(54) Drilling fluid 



(57) A drilling fluid comprising: 

a) at least one polymeric viscosifier 

b) a! least one polymeric fluid loss reducer 

c) at least one high molecular weight organic polycationic polymeric coagulant and/or flocculant. 
The objective of the present invention is to assess the possibilities of coagulants or flocculants for the 

improvement of solids removal from the drilling fluid. 




Onlltng fluid 
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[ifnvmi:ric llor.(.iii.ir I or i.oa't'ji-mt .ippt:'") a'.CO'Mincj Kj tr»e invention enhances me 'emovai O* CH»Med solids, 
r jt , t does net inlpr.iri ,v»lh -»olubl" r *u.'J arl'M*v'*'SI 

Cnmfuihbihty 

5 Soluble mud additives and MofCuLji.;*, jnci or coagulants should be fully compatible The flocculating 5 
;i"*:*i«ii.»:s '.lioul'l not he .ifff:r.H:fl hy mud add-hves and rheologica! and fluid loss properties not by the 
* m i uMMt and or (.n.Kjtil.ini In the present formulation comprising high molecular weight polycatiomc 
■ .ijlynr'-,, Mirjl .int.iqor'iStir; intOr.'lt.tiOn rjrj#»s not 0Xi*>t 

10 if strcnqth & r.t/c 10 

Hoes are formed cither downhole. where fines are created, if the flocculant is an intrinsic component of the 
fluid, or m the flowlmc if the flocculant is added there at a balanced rate. In Both cases a certain amount of 
viscous shear is exerted on the floes. Further mechanical shear takes place on s»eves (shale shakers) being 
used for regenerating the circulating drilling fluid. Flocculant application is only successful if the floes stay 

15 reasonably m tact during the transport and separation process. Another important parameter is floe size. If 15 
only very small floes arc formed, a gelly hke substance is developed, plugging off the sieves. The present 
high molecular weight organic polycatiomc polymeric flocculant is able to create reasonably strong and big 
Hoes, hemq several millimetres m diameter. 

20 »v Dispersion 20 
During drilling of (Jispersihlc formations. D»g cuttings will be produced. A flocculant should not enhance 
the dispersion of these cuttings and should preferably be compatible with cutting encapsulating polymers, 
preferably present in the drilling fluid. A combination of cutting encapsulation and fines aggregation would 
of course give the optimal drilling fluid for easily dispersing formations. Also erosion and or swelling of the 
25 borehole wall should not be enhanced by a flocculant or a coagulant. 25 
I be present h:gh molecular weight cat»onic polymers meet these requirements. 
In principle the polycatiomc Nocculants can be used for aggregation of many types of fine suspended 
solids, such as shales, marls and chalks 
Traditionally, bentonite or other clay solids have been utilized to increase the viscosity of the drilling fluid 
30 Today however, there is a growing belief that bentonite or clay suspensions have serious limitations as a ^0 
drilling fluid base. The rheology of bentonite based fluids is such that the hydraulic horsepower delivered to 
the hit at a given surface pressure is significantly less than with drilling fluids containing certain polymers. 
The lower viscosity and or solids content of these polymer muds result in a faster bit penetration rate which 
m turn decreases the drilling costs. Therefore the drilling fluid according to the invention contains at least 
35 one polymeric viscosifier including, for example cellulose compounds such as carboxyethyl cellulose. ^ 
carboxymethyl cellulose, carboxymethyt hydroxyelhyl cellulose, hydroxyalkyl celluloses, alkylhydroxyalkyl 
celluloses, alkyl celluloses, and alkylcarboxyalkyl celluloses; polyacrylamides. natural galaciomannans such 
as guar gum. locust bean gum. and gums derived from endosperm seeds, starches and various other 
polysaccharides, such as the heteropoiysacchande obtained from Pseudomonas sp. NOB 1 1592. known by 
40 ,[ S registered trade name Shellflo-S. The concentration of the polymeric viscosifier(s) is preferably m the *® 
range from 1 to 50 g polymeric viscosifier per litre of drilling fluid. 

As mentioned hereinbefore the drilling fluid according to the invention contains at least one polymeric 
fluid loss reducer. Suitable polymeric fluid loss reducers are (pregelatmizedl starch, gums, polyamonic 
cellulosic polymer, sodiumpolyacrylonitnle. sodiumcarboxymethyl cellulose and sodiumpoiyacrylate. 
45 Preferably the dnllinq fluid contains from 1 to 50 q polyene fluid loss reducer per litre of drilling fluid. 4 5 
Advantageously m the drilling fluid according to the invention at least one encapsulating polymer is 
present m order to improve the separation o< line drilled solids from the circulating dolling fluid during the 
drilling operation with the aid of sieves, e g the so-called shale shakers 

Preferably the encapsulating polymer content of the drilling fluid is m the range from 0 1 to 10 g Mr** 
50 Examples of suitable encapsulating polymers are hydroly/cd polyacryiamide. polyaniomc cellulose and 50 
bcteropoly saccharide 

A very much preferred encapsulating polymer to be added to the present drilling fluid is a 
heteropoiysacchande obtained from Pseudomonas sp. NCI8 1 1592. known by its registered trade iame 
sheilflo S 

55 The drilling fluid according to the invention composes basically a certain class of organic polycatiomc 55 
poiymeis The polymers have a molecular weight between 5 • 10** and 15 • 10". 

Any suitable method of application can be used >n view of this disclosure. The essential feature is contact 
between the clay particles to be treated and the polymer containing earner fluid. A preferred earner fluid is 
water or an aqueous media The water can contam other ingredients which do not substantially interfere 

60 A ,{h dispersion or dissolution of the polymer m the media. The water earner may be gelled or thickened for 50 
■:er:a n apiications. Such ingredients or add^ves can include salts, mineral acids, low molecular weight 
'Vijjn.c acids, caticnic or nonionic surfactants (anionic surfactants can be used with a mutual solvent) or 
.vetting agents. The organic poiycationic polymer should be present in the earner fluid in a concentration 
wih»n the range of about 10 to 5000 ppm wt of organic polycationic polymeric coagulant and or flocculant. 

55 j_.-v.vor or rnqhc corce n :-\n-ors cm be used but are generally not practical ^ 
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A preferred aqueous earner fluid is a saline solution containing about 0 40°o salt uo to about saturation 
hrmis at the applicable temperature. The preferred salt concentration is about 2 12S by weight, however, 
concentrations up to about 3S°o can be used, as well as fresh water The salt can be an alkali metal salt, 
alkaline earth metal salt, ammonium salt or combinations thereof. These include the hai'des. sulphates. 
5 carbon. ites. oxides or combinations thereof. Tne hahdes of potassium, sodium, maqnesium. calcium, jmc 5 
and combinations thereof are preferred due to economics and solubility Conventional additives such as 
inhibitors, surfactants, coupling arjents. wetting agents and others can be used where desirable and 
especially where the organic polycationic polymer is used with conventional treatment procedures The 
drilling fluid preferably contains salts or acids which will shrink or prevent swelling 

10 When oil and gas wells are cased, it is necessary to perforate the casing or to drill out a section of open 10 
hole below the casing m order to complete the well and start production. A hazard m this well completion 
operjhon is that the fluid m the well bore will damage the permeability because it often rushes into the 
formation when it is opened up. The well can be completed as an open hole, or by perforating using shaped 
charges or bullets. As a component in the completion fluid, organic polycationic polymers have a purpose of 

15 preventing damage to permeability should pressure in the well be higher than formation pressure and the 15 
well fluids enter the formation. 

The organic polycationic polymers present in the drilling fluid according to this invention can generally be 
considered quaternary polymers with nitrogen or phosphorous as the quaternary or canonic atom with an 
ahphatic. cycloahphatic or aromatic chain. Tnvalent or tertiary sulphur can substitute for the quaternary 

20 nitrogen or phosphorous in the polymers. The catiomc atom to carbon atom ratio is preferably about 1 2 to 20 
1 36 and the molecular weight is above about 1,000. Examples of these polycationic polymers include 
polycthylen<:amines, polyvinylpyndinium salts, or polyallylammonium salts. 

Pmfcrrcd organic polycationic polymers of this invention can be characterized and illustrated by the 
following formula and examples. 

25 25 



30 



- R 1 - 
R, Z R, 
R, 



30 



wherem 

R» is an organic aliphatic, cycloahphatic. or aromatic radical containing 2-40 carbon atoms o. a hydrogen 
35 radical and when R, is cycloahphatic Z and R.. can be in the ring. 35 

R,, R, and R 4 arc organic radicals independently de..ned as R, containing 0 6 carbon atoms and 0-2 oxygen 
or nitrogen atoms; when R, is cycloahphatic it may or may not be in the organic polycationic polymer chain, 
when 

Z is sulphur R 4 is not present; 

40 Z is a cation such as those derived from nitrogen, phosphorous or sulphur; 40 
X is an anion such as halide. nitrate, sulphate, bi sulphate, carbonate, hydroxide, borates, oxides a/ides, 
cyamides. phosphates, etc.; 

n is an integer equal to the number of monomer units m the polymer required to give a molecular weight 
in the range of about 5* 10* J - 15- 10'\ 
45 m is an integer equal to the number of anions required to maintain electronic neutrality 45 
The organic or h .drocarbon radicals can be linear, branched or cycloahphatic radicals, aromatic radicals, 
unsaturated radicals, substituted radicals or combinations thereof The oiqamc radicals can be homoahpha 
tic or hetcroahphatic. i.e. may or may not contain other atoms such as oxygen or nitrogen The organic 
radicals can be homocychc or heterocyclic, i.e.. may or may not contain othor atoms such as oxygen or 
50 nitrogen Thus, the organic radicals can be substituted or unsubsbtuted alkyl, aryl or combinations thereof 50 
with each radical having 0-40 and preferably 0 6 carbon atoms 

Tnc jbove class of organic polycationic polymers can be dividrd into ihr following preferred subclasses 

A Alky! t\<}lyCiltmmc polymers 



R, 
R, I 



I R, 



4 



wherein 

R, is a divalent norai or branched cham atkyicne qroupcontaming 2-40 carbon atoms, preferable range 
212 carbon atoms. 
R y is contained with R,. 

5 R . is normal or branched alkyl or hydrogen containing 0-6 carbon atoms and preferably 1 -3 carbon atoms; 5 
R , is ro:;ioil defined the same as R 1# but it may or may not be identical to R 5 . e.g.. R, - methyl and 

Ri propyl, whijn Z is sulphur R 4 is not present. 
Z is j clion such as those derived from nitrogen, phosphorous, or sulphur; 
X »s an anion such as halicic. nitrate, sulphate, hydroxide, etc; 
10 n is an integer equal to the number of monomer units in the polymer required to give a molecular weight 10 
in the range of about 5' 10*'- 15' 10\ and 
m »s an integer erjual to the number of anions required to maintain electronic neutrality. 
One preferred group of this subclass is applied in a carrier fluid at a pH greater than about 4. especially in 
the range of about 5-9. In another preferred group when Z is nitrogen, at least one of Ri and R 4 is not 
15 hydrotjen. m^thy!, ethyl or propyl. 15 

B. Hetcrohphutic polycattontc polymers 



20 



25 



R, Z R,- 
R< 



x.„ 



20 



25 



wherein 

R, is arylene. alkyleno, arylalkylene, alkylarylene. alkenylene or combinations thereof. When R, is alkyl it 
30 contains or has appended one or more hetero atoms or groups. When R , is aryl. or alkylaryl it can contain or 30 
have appended one or more hetero atoms or groups. R, can be normal hetero alkyl or it can be branched 
extensively through the hetero atoms or groups The hetero atoms or groups may be ethylenic ( - CH - CH - . 
acctylcnic { C C }, aryl. or nitrogen phosphorous, or sulphur in regular covalent bonding, partially 
oxidi/ed. e.g., sulphone. or in the onium state, other hetero atoms or groups may be oxygen, hydroxyl, 
35 carbonyl. or covalent halogen. With the exception of ethylenic. or aryl, a hetero atom or group is not bonded 35 
directly to Z. 

R 7 is an unsubstituted alkyl or it can defined as R, but it is not required to be identical to R,. R 2 can be 
included in R,. 

R, can be alkyl containing 1 -6 carbon atoms, hydrogen or it can be defined as a monovalent form of Ri but 
40 it is not required to be identical to Ri. 40 
R 4 can be defined as Rj but it is not required to be identical to R 3 . When Z is sulphur R 4 is not present. 
Z is a cation such as those derived from nitrogen, phosphorous or sulphur. 
X is an anion such as halide. nitrate, sulphate, hydroxide etc. 

n is an integer equal to the number of monomer units m the polymer required to give 3 polymer with a 
45 molecular weight in the range of about 5 ■ 10 s - 15 • 10 6 45 

m is an integer equal to the number of anions required to maintain electronic neutrality. 

The polymer can branch through R,, R,. R,. or R 4 m such manner that the mam polymer chain is an 
arbitrary choice and R,, R ? . R 3 , and R 4 are arbitrary choices around any particular Z 

A typical branched polymer is shown as follows 
*0 50 

p LH. CH^ CH ? CH, N / 

'n CH. CH,N CH ? CH, N CH. CH, n' 

55 55 

CH, CH ; CH> 

CH; CH; CH; 

oO N N ' N ' - 50 



The anions are omitted for clarity. 



G8 2 164 370 A 

C Polycatiomc polymers containing rings 



10 



10 



R> 



15 

R, is alkylene. unsaturated alkylene. subsisted alkylene. or substituted unsaturated alkylene form.ng a 
heterocychc r.ng mcludmg Z. The heterocyclic ring can be aliphatic, olefinic or aromatic depending on the 
20 tZZlT at T:° n - Subs,itu,ions can be a,k V. alkenyl, alkynyl, or aryl branches or substations can be 
20 hetero atoms or hetero groups contained in the ring, appended to the ring, or appended to the branches 
Hetero .atoms or groups can be phosphorous or sulphur (in regular covalent. onium or oxidised state e g 

,t.°hMp a ,o e r SU ' Ph0ncK ni,r °9 e , n ' h V«^oxyl. carbonyl. or covalent halogen, a reaction be.ng that 

the hetero atom or group is not bonded directly to Z. 
R/ is included in R,. 

R 3 is a hydrogen radical or an organic radical containing 1 -6 carbon atoms and 0-2 oxygen or mtrogen 
3 0mS k ,n the case of certam ar V' Polycatiomc polymers, with monomer units bonded through Z and 
elsewhere on the aryl, R 3 may be absent. 

R 4 is defined the same as R, but is not required to be identical with R v When Z is sulphur R 4 is absent 
L is a cation such as those derived from nitrogen, phosphorous or sulphur. 
X is an anion such as halide, nitrate, sulphate, hydroxide, etc. 

n is an integer equal to the number of monomer units in the polymer required to give a polymer with a 
molecular weight in the range of about 5 ' 10*- 15* 10*. 

mon?™ ,0t T r *"£ l ! ,he ""T^' ° f 3ni0nS fequired t0 maintain electronic neutrality. Bonds containing 
monomer units may be through Z, other hetero atoms. R, < 1 or 2 sites), or branches on R,. 



25 



30 



35 



15 



20 



25 



D. Pendent potycationic polymers 



30 



35 



40 



-R,. 
I 

R 4 -Z-R 7 



40 



45 

wherein 

r " , ; n a n ^ ^, V ' ene ; a ' kenvlene - alk vnylene. arylene. and linkages or branches of these .n comb.nat.ons. R, 

en „„,„„,. ' K * o M e.. M « ko M c. on u r«,r.ch chains, on or n the polymer linkage 

50 Hetero atoms or groups can be phosphorous or sulphur (,n regular covalent. onium. or partially oxid./ed 

Sin .til n " r ° 9 ! n °. XV9en ' hVdf Ca,b ° nv '- ° f C0Valen ' ha, °9 en - a restriction being that the 

branch 5? ''T ? mX *° nded d " ec,, V <° Z "~ P-"*"l linkage can range from a simple bond to 
branch of R, several atoms long connecting Z to the polymer chain 
*>• R > and R « can ^ defined independently as alkyl. alkenyl. aryl or combinations thereof or can be 

55 hydrogen except that they unlike R, are not in the polvmer chain. When R, is aryl mclud.ng Z ,n a 
heterocyclic r.ng and/or when Z is sulohur R 3 or R 4 may not exist 

Z is a cation such as those derived from nitrogen, phosphorus, or sulphur. In one preferred class not more 
than two of the three R groups can be hydrogen. In another preferred class when R ? is aryl and conjns 
mtrogen. the aryl r.ng has at least one substituent or conta.ns one other hetero atom or group 

60 X.s an anion such as halide. nitrate, sulphate, hydroxide, etc 

mn,i 3 ^ n,e9e Lf qU .!l '° ' hen T ber °' mon f mer un i ,s in ,he polymer required to g.ve a polymer with a 

molecular weight in the range of about 5x 10 s - 6* 10*. 
m is an integer equal to the number of anions required to maintain electronic neutrality 
The f °;° win 9 3f e examples of the preferred polycationic polymer classes having repeating polymer un „s 
65 such as those illustrated below. 



45 



50 



55 



60 



65 



6 



1 1 1 whore Z is sulphur, a sulphonium polymer 



10 



L.R, R.J 



10 



and one example is derived from the monomer H ? C - CHCO ? CH>CH;S(CHj) ? CI. poly-2- 
15 ^rryloxyeihyldimcthylsulfoniumchlonde. Ri 2 acryloxyethyl. R ? - methyl. R 3 = methyl. R 4 - non existent, 
and X chloride. 

The above formula and R groups show a polymer wherein the R groups are not hydrogen. 
(2) where Z is phosphorous, a phosphonium polymer 



15 



20 



25 



R,- 



R, P R, 

) 

R* 



20 



25 



and an example monomer is 



30 



/ 



\ 



H,C CH CH ? P(C4H.,|,CI 



30 



35 glycidyltnbulylphosphoniumchloride; Ri glycidyl. R 2 - butyl, R 3 - butyl. R 4 - butyl, and X is chloride; 35 
The above example shows a polymer wherein the cation Z is pendent and not in the polymer chain and at 

least three of the R gropps are the same. 

13) where Z is nitroger., quaternary ammonium polymers; 

13a) integral alky! quaternary, example polymer 
40 40 



45 



CI 



r ch, 

4- CH,-CH 7 - N ' 

L ch, 



45 



polydimethylethylcneammoniumchloride. example polymer 



50 



CI 



CI 



CH^ CH, 
55 — (- N CH ? CH, N CH ? CH, - CH 2 -CH : 
CH, CH, 



50 



55 



60 the condensation product of N.N.N'.N' teuamethyiethylenediamine and 1 ,4-dichlorobutane. 

The above examples show polymers wherem the R groups are not hydrogen; wherein the cation Z is in the 
polymer chain and in the second example is also in one of the R groups; wherein two of the R groups are the 
same and two of the R groups are different; and wherein at least two of the R groups are linear aliphatic 
radicals with not more than one and or two different radicals in the polymer chain. 

65 (3b) Integral quaternary -n cyclic ring, example polymer: 



60 



65 



7 
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the condensation product of 4-chloropyndme. 

(3d mif;f jrjl jlkyl. nryl quaternary, example polymer 



10 



CI" 



- - N 



15 



20 



the condensation product of 1 M-pyr.dyDO chloropropane; another example polymer 



CI" 



_/n 



10 



15 



20 



the condensation product of pyrazine and 1.2-ethylene dichloride; 

The above examples show polymers with one or more cationic Z groups in the polymer chain and in an 
aromatic radical which is also in the polymer chain with two different R radicals which are also in the 
25 polymer chain. Thus, the examples show heterocyclic aromatic and linear R groups which are in the polymer 25 

cnam. 

(3d) Pendent alky! quaternary, example polymer 



30 



35 



CH 7 CH 



CHjOSO, 



CHt CH, CH, 



polyvinyltrimethylammonium methylsulphate. 

The above example shows a polymer with a pendent cationic Z radical and pendent R groups which are 
the same but different from the R group in the polymer cha.n . thus. Z and three of the R groups are not ,n the 
polymer chain. 

40 (3e) Pendent quaternary on cyclic backbone, example polymer: 



30 



35 



40 



45 



50 



i 



CM, 



a. 3 a. 3 x a!j 



J. 



45 



50 



The above example shows a polymer with aromatic and heteroradicals m the polymer chain, a pendent 

c ™ T C ? ^ R 9f0UPS WhiGh 8re ahpha,,c and not h Vdrogen or not in the polymer chain 

55 (3T) Pendent quaternary on carbocyclic ring, example polymer 



55 



CL 



H 3 C-N-CH 3 
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8 



polyvinyl -4benzyltrimethylammoniumchloride; 
(3g) Pendent quaternary nitrogen on polymetha'crylate backbone, example polymer 



10 



15 



CH 7 C — 



CI 



CO 

O CH 3 

i 

CH, CH CH,' N-CH, 



OH 



CH 3 _ 



10 



15 



poly(3-methacryloxy-2-hydroxypropyltrimethylammonium chloride). 
20 The above example shows different R groups with one in the polymer chain and three aliphatic R groups 
with one containing a cationic Z group and hetero atoms which are not in the polymer chain. 
Another example polymer: 



20 



25 



30 



35 



--CH,-CH 







0 










CH, 


CH, 


CH, 

1 

N' 


CI 






CH, 


1 

CHj 


CH, 





poly(acrylamide-3-propyltfimethylammoniumchloride). 

The above example shows a polymer with pendent R groups and cations which are not in the polymer 
chain, aliphatic R groups with one in the polymer chain, and a pendent group containing hetero atoms and 
40 more than one Z group. 

(3h> Quaternary nitrogen in pendent heterocyclic ring, example polymers: 



25 



30 



35 



40 



45 



50 



CH..- CH — 

I I 
N 

. ! 

I CH 



45 



poly-4-vinyl-N-methylpyridiniumiodide; 

The above formula shows a polymer with a pendent hetero aromatic radical which is 
and they are not in the organic polycationic potymer chain. 
(3i) Heterocyclic ring containing quaternary nitrogen, example polymers: 



a cationic radical 
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10 



• CH 
CM, 

J H.C 



CH. 



CH CH - 
/ CH, 



CH ( 



10 



15 



20 



-,CH, CH 
i 

CH, 



I 



-CH CH,_ — 



CH, 



N ' 



CI 



CH, 



CH, 



15 



20 



polymer of diallyldimethylammoniumchfonde. 
The above formulae show a pendent Z canon and pendent aliphatic R groups with at least two of the R 
25 groups having the same number of carbon atoms and with two R groups having the same number of carbon 25 
atoms and being linear aliphatic radicals in the polymer chain. The formulae also show heterocyclic aliphatic 
groups in the polymer chain which also have pendent portions. 

The above classes and subclasses of polycahomc polymers can be substantially linear or branched. 
Examples (3a). (3b) and (3c) can he considered substantially linear polymers. Examples ( 1 ), (2), (3d). (3e). (3f ). 
30 (3g), (3h) and (3i) can be considered branched. These examples show branching through at least one organic 30 
radical such as examples (1). (2). (3d). (3e). (3f). (3g). (3h). and (3i) and through a cation radical such as 
example (3a). Also examples (3d), (3e), (3f >. (3g). (3h) and (3i) can be considered to have branching through 
pendent cation radicals or hetero groups. 
The drilling fluid according to the invention can also be used as completion fluid or workover fluid. 
35 The following example serves to illustrate various embodiments of the invention and enable one skilled in 35 
the art to practice this invention. 



Example 

A number of ftoccutants were tested in various concentrations, in solutions of viscosificrs and fluid-loss 
40 reducers Qualitative tests were carried out in measuring cychnders. noting: 40 

- occurrence of flocculation and type of floe 

- settling of the floes 

- turbidity of the supernatant. ^ 

The results of these tests were used for primary screening of fiocculants. The best performing flocculants 
45 were used for further testing. Suspensions were flocculated and moderately sheared by hot rolling or peddle 45 
stirring for two hours. Subsequently the ftocs were sieved off and dried, and the recovery determined. Tests 
were done m solutions of single additives and mixed solutions of viscosiders and fluid-loss reducers. 

The effect of (locculant and shale fines concentration was extensively evaluated m Shellflo-S solutions 
(Shellflo-S is a registered trade mark). A number of tests was carried out to compare the effect of flocculants 
50 m fresh water and KCl. NaCI and CaCI 7 solutions, containing Shellflo-S. 50 
The combined effect of encapsulating and flocculating polymers was investigated in suspensions of shale 
fines and cuttings. 

In all tests dispersed, flocculated or encapsulated shale was removed from the suspension over either 150 
or 180 jim sieves and the fraction retained on the sieves was determined. 
55 in the flocculant depletion tests, the thus obtained filtrate was again used as flocculotiry mud. 55 
The shale used m all :'»sts. either as fines or cutting, is Pierre shale, an outcrop material from Utah (U.S.A.). 
Table 1 shows the composition o* this shale. Table 2 summarises all flocculants used with suppliers and. »f 
known, a description of their chemical nature. 
In Table 3. a summary «s given of all mud additives used, agam also mentioning suppliers and chemical 
60 compositions 60 
Table 4 shows me results of tests on the compatibility of flocculants and coagulants, with mud additives. 
Incompatibility (precipitation) with some of the mud additives is considered to be too risky for a chemical to 
be incorporated m drilling fluids that will be used on a routine basis. 
Table G gives the results of measuring cylinder flocculation tests. It shows which mud additive flocculant 
65 combmotions are able to flocculate a Pierre shale suspension and which are not. 65 
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Th»; .jmnnir. Moo.iji.jnt SS- 100 » hydr olysed poiydt'f ylamidel Shows a OOOf performance 
From Lift!.; 5 can be conclude' J mat the canonic XZ-86243 performs very wen 

Table 6 shows the recovery of Pierre shale fines over 100 mesh sieves The mam conc'usion from these 
foul's !h.jt a significant jmprovcmoni m sot'ds removal can he aiiamed hy addition of a canonic high 
5 molecular weirjht flocculant. 5 
T.ihi*- 7 '.iwjw, the results of flocculatton tests in various fluids Since d was known tn this stage that 
anionic polymers perform poorly, they were excluded from this test series More canonic polymers were 
included instead 
Thi: presence of salts alone, did not cause floccuiahon. 
10 The mam conclusions are 10 

- TheowfMW 50.000) and medium (60.000 MW 500.000) molecular weight flocculants (C581. P PC.) 
show a poor performance m all solutions. High molecular weight (5 * 10 s - MW- 15' 10**» >s dearly required 
for effective solids removal improvement. 

- The nalco flocculants 4625. 4725and 4780. although used in comhmation with an acnv.jtor are ineffective 

15 m fresh water hut perform well to excellent m brines. 15 

- For use in drilling operations XZ 86243 is preferred for fresh water systems. Nalco 4625 and 4780 (and 
perhaps others from this product series) for brines and C-420 for both. 

Table 8 shows the effect of the flocculant concentration on solids removal for C 420. XZ 86243 and Nalco 
4625. C-420 is effective, in the whole range from 10 to 1000 ppm wt. XZ 86243 shows increasing 
20 performance with increasing concentration. The water content of the retained fines dearly increases with 20 
flocculant concentration for the two effective products. This information is of particular relevance for solid 
waste disposal. 

Variation of the fines content from 0.1 to 5.0°o w v had no effect on recoveries. Addition of 500 ppm C-420 
and XZ 86243 to Shellflo-S Pierre shale suspensions always resulted m a recovery between 90 and 100%. 

25 in most tests viscosities of solutions with and without flocculant were measured and also the viscosity of 25 
the filtrate. Addition of up to 500 ppm flocculant always caused a slight change in rheology, but never more 
than approximately * 5%. The viscosity of the filtrates was generally lower than that of the initial mud. but 
always within a range of approximately 10V Taking the high solids load and normal adsorption of polymeric 
mud additives into account, this value is according to expectation. 

30 Table 9 shows the results of combined application of cutting cncapsulators and flocculants on fines and 30 
cutting recovery. Clearly no antagonistic effect occurs between the two. Again XZ-86243 shows to be a very 
effective flocculant and ShcllfloS and SS-100 excellent cutting inhibitors. 

Table 10 shows the results of thetriaxial shale tests c.f. Darlcy, H.C H., "A Laboratory Investigation of 
borehole Stability" J. Pat. Tech., July 1969. 8§3-893 AIME. 246. The canonic flocculant XZ 86243 is clearly 

35 shown to he inert as far as borehole stability is concerned. 35 

TABLE 1 

Composition of Pierre shale 
40 40 

fraction 2 »m 53 r5°o ( clay content) 

Composition of the clay fraction, 

45 montmonllonite 40°o w w 45 

mixed layers 0 w w 

HMe ( )0 w w 

50 50 

Chlorite 'j w w 



kaoimite 



5 ww 
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TABLE 3 






Description of mud additives 


50 


Mud additive 


Descr:p:;on 




Flocgel 


starch 


55 


Stabilose 


slightly carboxylaled starch 




CMC 


C3rboxy methyl cellulose 




HEC 


hydroxy ethyl cellulose 


60 


Dnspac 


poiyaniomc cellulose 




Shellflo-S 


polysaccharide (succinoglycan) 


65 
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TABLE 4 

Results of mud additives tlocculant compatibility 

floccufanti coagulant 
SS WO CP* 3 5 XZ 86243 



10 



15 



20 



25 



Mud additive 
Stabilose(IO) 
HEC (4) 
CMCHV(IO) 
Shelirio-SHI 
SS-100(2) 
Drispac (10) 



between brackets, mud additive concentration in g litre 
• compatible 

flocculants were tested in 10, 100 and 1000 ppm wt concentrations 

TABLE 5 



Flocculating efficiency of various flocculants in mud additive solutions 
(measuring cylinder tests) 



floccu/ant (500 ppm wt) 



35 



40 



45 



50 



Mud additive 
Water 

Stabilose(IO) 1 
FlocgeMIO) 
CMC-HVC0) 
CMC-LV(IO) 
HEC (1) 
Drispac (S) 
Enorflo-S (1) 



SS'100 
(anionic) 



CP-35 
(cationic) 



XZ-S6243 
(cationic) 



10 



15 



20 



25 



30 



35 



40 



45 



50 



* - flocculating 
- - nor flocculating 
55 • Between brackets: concentration m g litre 



55 
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TABLE 6 

Recovery of Pierre shale fines by means of flocculants 

RECOVERY (%) OVER 100 mesh SIEVE 



Mud additive No flocculant 

Stabilose(l)' 36 

FlocgeMU 26 

CMC-HVH) 27 

CMC-LV(I) 26 

DrispaclO.5) 46 

Enorflo-S(O.I) 41 

HECI0.4) 88 

Stabilosed) 

38 

CMC-HVd) 



l)ctween brackets: concentration in % w w. 
flocculant concentration 100 ppm wt 
fines concentration 40 g I 



XZ-86243 
500 ppm wt 
78 
65 
99 
97 
98 
96 
93 

83 



10 



15 



20 



25 



30 
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TABLE 7 

77)e e/fecf of flocculants on recovery of Pierre shale fines over 80 mesh sieves 

5 RECOVERY OVER 80 mesh SIEVES (180 am) 5 

no salt no salt NaCI(IO%wt) KCl(W%wtJ CaCl ? (W%wtJ 

flocculant 0 SOOppmwt SOOppmwt SOOppmwt SOOppmwt 

10 10 
C-420 35 94 88 81 92 

C-436 - 69 65 65 70 

15 C-461 x 64 55 58 15 

C-470 -10 83 76 49 61 

C-581 <10 x -26 27 39 

20 20 
Nalco-4625 -10 10 99 99 99 

Nalco-4725 <10 -"10 69 73 

25 Nalco-4780 2 11 91 95 89 25 

XZ-86243 2 94 73 56 70 

P.P.C '10 x 30 33 43 

30 30 
Base mud: - fresh water 

-3g/!itreShellflo-S 

35 - 50 g/litre fines 35 

- : no data available 

x : incompatible: precipitation of polymer 
40 40 

TABLE 8 

The effect of flocculant concentration on removal of Pierre shale fines over 80 mesh sieves 

45 flocculant Concentration recovery water content 45 

(ppmwt) over 80 mesh retained fines 

sieve fW 

C420 0 00 

50 50 
C 420 10 93 12 

C-420 100 61 15 

55 C-420 1000 96 28 55 

XZ-86243 0 12 

XZ-86243 10 12 11 
60 60 

XZ-86243 100 54 26 

XZ-86243 1000 93 32 

65 base mud: 0.3 %wt Shellflo-S + 4%wt fines. 65 



TABLE 9 





Combined 


effect of fhjccultints and inhibitors on 


fines and cutting recovery 




5 


tfihifnfar 

'0 2':) 


Flocculant 
(500 pp wt) 


Shale 
(5 °owt/ 


Recovery 

C'oi 


5 




Sh'jllflrj S 


XZ-86243 


lines 


98 




10 


Shcllflo-S 


XZ-86243 


cultings 


93 


i r\ 




Sholiflo-S 


Mg-205 


fines 


66 




15 


SheHfln S 
SS-100 


Mg-205 
XZ-86243 


cuttings 
fines . 


91 
91 


15 




SS-100 


XZ 86243 


cuttings 


94 




20 


SS-100 


Mg-205 


fines 


57 


20 




SS 100 


Mg-205 


cuttings 


94 




25 


conditioning hor rolling at 60 Cfor24hrs. 
tMM;mufi lOg IStabilose • lOgiCMCHV 




25 


30 






TABLE 10 




30 


Fhc 


effect of the oitiontc flocculant XZ 86243 


on borehole stability in a reconstituted Pierre shale sample 




35 


Additive 


Erosion 

r°w 

17 


Failure time 
(min) 

599 


Failure type 
collapse 


35 


40 


XZ 86243 (0 2°o| 
XZ 86243 (0 2*o) ■ 


19 


705 


collapse 


40 


AC 


KG (10%) 


5 


no failure 


no failure 





50 



confining pressure 225 bar. 

Imso mud 10 g I CMC-LV How viscosity carboxymethylcellulose) * 
10 g I CMC HV (high viscosity carboxymcthylccllulose) 



45 



50 



55 



CLAIMS 

55 

1 A Hulling fluid comprising 
j) Jt IlmsI one polymeric viscosifier 
U) at least one polymeric fluid loss reducer 

cl at least one high molecular weight organic polycat.on.c polymeric coagulant andor flocculant. 
JrLg ftid ° 9 f,U,<j 3S Cl3,med m Cla ' m 1 m ""^^ fr ° m 1 t0 50 9 P0,ymeric vi scosifier is present per litre of 60 

3. A dnll.ng fluid as claimed in any one of the preceding claims in which from 1 to 50 g polymeric fluid 
loss reducer is present per litre drilling fluid. 

4. A Cr.U.ng flu.d as claimed in any one of the preceding claims in which from 10 to 5000 ppm wt of high 

65 molecular weight organic polycat.on.c polymeric coagulant andor flocculant is present. ~ 65 
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5 A drilling fluid as claimed m any one of the preceding claims in which at least one encapsulating 
polymer is present. 

6. A drilling fluid as claimed in claim 5. in which from 0.1 to 10 g encapsulating polymer is present per 
litre of drilling fluid. 

S 7 A drilling fluid as claimed in claim 1, substantially as described hereinbefore with special reference to 
the Fxarnple. 

<i A process for drilling, completing or working over a well in an underground formation in which 
process a drilling fluid as claimed in any one or more of the preceding claims is circulated. 
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